Congenital defects/diseases Background:
Background
Congenital chloride diarrhea (CCD) is a condition that manifests primarily as watery diarrhea and is known to be caused by an autosomal recessive disorder. The condition is due to impaired active transport of Cl-/HCO3-in the ileum and colon [1] [2] [3] [4] [5] . The problem with this disease is that the large amount of watery diarrhea includes high chloride and sodium levels. If dehydration remains untreated, electrolyte imbalances and metabolic alkalosis may occur and can be life-threatening. However, the long-term outcome is good if the CCD is diagnosed early and managed appropriately [6] [7] [8] .
Characteristic ultrasound findings of CCD include prominent signs of intestinal dilatation and polyhydramnios, but the condition is often hard to distinguish from others (e.g., meconium peritonitis, lower intestinal obstruction, and Hirschsprung's disease) [9] [10] [11] [12] . With CCD, the Cl level in amniotic fluid rises, but this does not provide a definitive diagnosis [13] . In recent years, Colombani et al. reported that MRI in addition to ultrasound findings helped to diagnose the condition [14] .
In this case, signs of fetal intestinal dilatation were noted before birth. Based on ultrasonography and an MRI scan, CCD was strongly suspected. The course of the newborn, and the usefulness of diagnostic imaging, are reported here, along with a discussion of the literature.
Case Report
The patient was 36-year-old, gravida 0, para 0 woman. There was no consanguinity in the family. There was no family history of intestinal problems or related to CCD symptoms. No obvious abnormalities were noted in the first trimester, but ultrasonography revealed signs of fetal intestinal dilatation at 26 weeks' gestation, so the patient was referred to our department at 27 weeks' gestation. Ultrasonography examination revealed fetal bowel dilatation with the honeycomb sign ( Figure 1 ). Morphological abnormalities in the fetus and placenta were not otherwise noted. There was a large volume of amniotic fluid but not polyhydramnios. Subsequent ultrasonography revealed signs of an increasing distended bowel from the rectum to the small intestine. The MRI scan revealed intestinal dilatation that continued from the rectum (Figure 2 ). On T1-weighted images, fluid accumulation within the bowel was hypointense (Figure 3 ). Based on the nature of fluid accumulation within the bowel, CCD was strongly suspected rather than obstruction of the lower intestinal tract or Hirschsprung's disease.
At 37 weeks and 3 days' gestation, the mother's labor pains began, followed by rupture of the membrane. In the amniotic fluid, meconium staining was present. A fetal heart monitor revealed frequent severe variable deceleration, so an emergency cesarean section was performed. The newborn was a 2396 g male with Apgar score 8 (1 min) and 9 (5 min). Plain abdominal x-rays of the newborn revealed normal bowel gas ( Figure 4) . A radiographic contrast enema revealed no intestinal obstruction and Hirschsprung's disease was also ruled out ( Figure 5 ). Watery diarrhea subsequently persisted, and on 3 rd day, hyponatremia and hypochloremia were present ( Table 1 ). The patient was started on an electrolyte solution. The infant stool collected by Nélaton catheter was hyperchloremic, so we diagnosed CCD (Table 2) electrolytes were managed by administering NaCl and potassium gluconate orally and the patient's subsequent course was satisfactory.
Discussion
CCD was first reported by Gamble et al. and Darrow in 1945, known as "Darrow-Gamble disease" [15, 16] . The condition manifests primarily as watery diarrhea that starts soon after birth and is accompanied by hypochloremic metabolic alkalosis. The stool contains more Cl than Na and K. CCD is an extremely rare genetic condition caused by impaired active transport of chloride in the ileum and colon. The condition is transmitted by autosomal recessive inheritance disorder and is due to mutation of the SLC26A3 gene on chromosome 7. SLC26A3 gene codes a glycoprotein that passes through the cell membrane into the lumen of epithelial cells of the bowel. This glycoprotein takes up chloride ions (Cl-) and exports bicarbonate ions (HCO3-). This genetic mutation results in active transport failure of Cl-in the intestine. When the absorption inhibition of Cl-occurs, H+/Na+ exchange transport is also inhibited. These defects cause absorption failure of NaCl and fluid from the intestines [1] [2] [3] [4] [5] . Therefore, antenatal ultrasonography reveals polyhydramnios and intestinal dilatation, and postnatally, presentation of watery diarrhea, hypochloremic metabolic alkalosis, and elevated stool chloride. The diagnosis of CCD is usually confirmed by clinical symptoms and the stool Cl concentration (>90 mmol/L) after correction of the fluid and electrolytes. Genetic diagnosis for CCD by mutation analysis is also performed [17, 18] . In this case, genetic diagnosis was also considered, but the parents did not approve and it was not performed. Therefore, we diagnosed CCD by clinical symptom and the stool Cl concentration.
CCD occurs in 1 in 10 000-40 000 births. There are regional differences in its prevalence, with many reports coming from northern European countries like Finland, Sweden, and Poland, and the Middle East [20, 21] . The condition is often detected because of symptoms such as refractory watery diarrhea after birth. Large amounts of chloride from the ileum and colon are lost in the feces soon after birth. CCD is treated by replenishing and restoring lost electrolytes and water. If the condition is diagnosed in the early stages after birth and promptly treated, the infant will grow and develop normally. Diagnosing the condition in utero and treating it soon after birth help to improve prognosis [7] .
Ultrasonography findings noted in CCD are polyhydramnios and signs of intestinal dilatation. Watery diarrhea from the fetus increase amniotic fluid and cause polyhydramnios. An excessive amount of watery diarrhea causes fetal intestinal dilatation. Polyhydramnios typically suggests obstruction of the upper gastrointestinal tract, and signs of bowel dilatation suggest lower intestinal obstruction. Thus, polyhydramnios coexisting with intestinal dilatation are findings that are observed in obstruction of the upper or lower small intestine, meconium peritonitis, Bartter syndrome, and Hirschsprung's disease, so differentiating these conditions from CCD is difficult [9] [10] [11] [12] [13] 19] . Lundkvist et al. reported that prenatal ultrasound findings distinguishing CCD from lower intestinal atresia were: 1) severe polyhydramnios and the need for repeated amniocentesis; 2) a distended bowel noted throughout the fetus' abdominal cavity; and 3) normal peristalsis in the distended bowel [9] .
Colombani et al. reported that MRI helped to diagnose the condition. Normally, meconium within the bowel is hyperintense on T1-weighted images. With CCD, hyperintensity within the bowel is absent due to watery diarrhea [14] . In this case, we carried out MRI with 1.5T system MAGNETOM Symphony (Siemens Healthcare, Germany) as an adjunct to ultrasonography. To evaluate the fetus, we used the images of T2-weighted half-Fourier acquisition single-shot turbo spin echo (HASTE), T2-weighted True fast imaging with steady-state precession (TrueFISP), and T1-weighted two-dimensional fast low angle shot (FL2D). No fetal sedation was performed.
The imaging findings from this case revealed signs of fetal intestinal dilatation, suggesting lower intestinal obstruction. However, signs of gastrointestinal dilatation continuing from the rectum conflict somewhat with the usual images of lower intestinal obstruction. Although some investigators have indicated that a high Cl concentration in amniotic fluid suggests congenital chloride diarrhea, polyhydramnios was not noted in this case, so the Cl concentration in amniotic fluid was not determined [13] . In addition, the degree of CCD in the fetus is affected by reabsorption of watery stool via the mouth, and electrolytes in the amniotic fluid are affected by electrolyte exchange via the placenta and amniotic fluid volume. Given these facts, the Cl level in amniotic fluid has little diagnostic value.
Treatment of CCD is electrolyte replenishment of fluid and NaCl and KCl intravenously or orally. Because of diarrhea throughout life, long-term appropriate replacement therapy is needed. If untreated, CCD will result in chronic kidney disease. An electrolyte abnormality due to diarrhea can cause renal dysfunction associated with interstitial failure [6, 22] . Early CCD detection, if the electrolyte and the fluid is sufficiently replenished, can prevent the onset of chronic kidney disease. Therefore, antenatal diagnosis of CCD is very important for treatment. However, the ultrasonographic findings in CCD are infrequent and have signs of intestinal dilatation similar to those of other intestinal obstructions, so distinguishing these conditions is difficult. If polyhydramnios and intestinal obstruction are recognized by ultrasonography, it is necessary to consider CCD as a differential diagnosis, and the use of MRI will help. If CCD is diagnosed before birth, the prognosis for the newborn will improve.
Conclusions
We report a case of CCD suspected by the prenatal ultrasonography and MRI examination. CCD is characterized by a large amount of watery diarrhea causing hypochloremia, hyponatremia, hypokalemia, metabolic alkalosis, and dehydration. Without appropriate treatment, fluid loss and electrolyte disorders can be life-threatening. Therefore, prenatal diagnosis is important and can lead to better outcomes for infants with CCD. Ultrasonography findings in CCD are polyhydramnios and bowel dilatation, but these findings are also observed in bowel obstruction, meconium peritonitis, Bartter syndrome, and Hirschsprung's disease, so differentiating these conditions from CCD is difficult. In this case, MRI was also performed as well as ultrasonography and was useful in the diagnosis. Our experience suggests that MRI is useful for accurately diagnosing fetal CCD.
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